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Introduction
Sudden cardiac arrest (SCA) remains a leading mode of death in the industrialized world, representing approximately 20% of overall mortality. 1 Except for a few recent encouraging reports, [2] [3] [4] survival after SCA remains poor and relatively stable over time, between 7 to 8%, despite decades of research and major financial investments in resuscitation. [5] [6] [7] SCA most often presents with an initial ventricular fibrillation, 8 external defibrillation has therefore been incorporated as a key factor in the chain of survival since the early 1990's. 9, 10 Public access defibrillation programs have thus been developed, in order to make automatic external defibrillators (AED) publicly available, allowing rapid early defibrillation. 11, 12, 13, 14, [15] [16] [17] Although the benefits of AED are undeniable, public utilization rates remain very low, 4, 15, 18 and thus the effectiveness of such programs could be dramatically improved. One of the key issues is the disparity between the location of AEDs and SCAs. In Paris, although AED deployment in the community -which started in 1993 with first the progressive equipping of EMS ambulances-has been particularly active the last decade, the choice of where to install AEDs in public places has been mainly driven by empirical considerations (local unguided initiatives). Recent studies have already pointed out the limitations of such an approach, calling for evidence-based strategy. 19 Although previous studies have identified sites with a higher risk of SCAs, [18] [19] [20] [21] [22] especially raising the association with train stations and airports, the reliability as well as the determinants of such high-risk places have only been partially explored. In this study, we collected data on SCA locations in Paris. We hypothesized that population movement was a key factor for SCA distribution, but could not explain by itself the overall heterogeneity of SCA distribution.
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Methods

Population Study
From January 1, 2000 to July 31, 2010, and using the two Emergency Medical Services systems existing in Paris, we prospectively collected all out-of-hospital SCA cases using a specific case report form. 23 The Paris Emergency Medical System is a 2-tiered response system, coordinated via a unique dispatcher center: (i) a Basic Life Support tier provided by firefighters of the Brigade de Sapeurs Pompiers de Paris (BSPP), who can apply AED, and (ii) an Advanced Cardiac Life Support function provided by ambulance teams with an emergency physician, a nurse, and a paramedic (Service d'Aide Médicale Urgente-SAMU). Although, the Brigade de Sapeurs Pompiers de Paris usually (>85% of cases) arrive the first on scene, SAMU coordinating local operational units in some public places, may be the first in the remaining cases.
SCA was defined, according to Utstein's guidelines, as a sudden cardiac death case in which specific resuscitation records were available (deceased or successfully resuscitated), after exclusion of cases with obvious extra-cardiac causes (eg. sudden infant death syndrome, drug overdose, suicide, drowning, hypoxia, exsanguination, cerebrovascular accident, subarachnoid hemorrhage, and trauma). [24] [25] [26] In the present analysis, we considered SCA occurring in public (non-residential) areas.
We defined public areas as all areas accessible to the general public, including all outdoor locations, public transportation sites, schools, commercial and civic establishments.
Geolocalisation of SCA
We used a two-step approach to localize SCA. First, the exact locations of SCAs were geographically coded and marked on the digital city map. Automated geolocalization was first performed, and all addresses were then verified manually (Google Maps API Web Services v3, Sapeurs Pompiers de Paris usually (>85% of cases) arrive the first on scene, SA AMU MU MU coo oo o rd rd rdin in inat ati ing g ocal operational units in some public places, may be the first in the remaining cases.
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Population and Landmarks Data
We obtained information for each of the grid cells on (i) the density of the population, (ii) population movements and (iii) landmarks in each grid. This involved data collection from different agencies, and coordinated by APUR. 27 Finally, we obtained information on the evaluation of different city landmarks in each cell. Train stations (large train stations were defined as having more than an average of 20,000 passengers daily), exhibition centers, shows and convention centers, museums, public swimming people. Individual movement was defined as the mean of individual trips taken by by y l l liv iv i in in ing/ g/ g/lo lo loca ca c l l population per day, between one origin and one destination, associated with a specific d n nte te ent nt ntio io ion/ n/ n/go go goal al a . In In nfo fo for rmation on timing, specific it it ti i ine nerary and mod de e e of tr tr ran an ansportation (walking, cy ycl cl lin i g, car, pu pub bl b ic c c t tra ra ans s spo po ort rt rtat at atio ions ns ns) ) ) w wa as s also o o c c colle e ec ct ted d d. . ' 'I 'Int nt ten n nti tio ons s s' ' we we ere e c cla la as ss sif ifie ie ed d d as as a b b bei ei eing ng e ela la late te ed d d to to w w wor o ork, k, s sh ho hopp pp pin n ng, g, g spo po port rt rts/ s/ s/e e exe x xerc rc cis s se e, e, e e edu u uca ca c t ti tio on n, , to tour ur uris is ism, m, m, h hea ea e lt lt lth, h, h a a ad dm dmin in nis is str tr t at at tiv iv ive e is is ssu u ues es o o or r other activiti ies es es ( ( (su su uch ch ch a a as s othe he her r r le e eis is isur ur ure e e ti ime me me a a act ct ctiv iv ivit itie ie ies) s) s). . Fo Fo or r r on on one e e g g giv iv iven n n g g gri ri r d-d-d ce ce cell ll l , , th th the e e po po popu pu pulation by guest on April 14, 2017 http://circ.ahajournals.org/ Downloaded from pools or other sport facilities (public or private, outdoor or indoor), place of worship, primary to high schools, large shopping malls (more than 300 m²), hospitals, and tourist attractions (monuments) were considered.
In Paris, the major airports are outside the limit of the city district and could not be studied with the same methodology. To address this issue, we focused on Charles de Gaulle Airport, which is France's most crowded airport and also has a centralized systematic collection of all cases of SCA by EMS. We collected all cases of SCA in this airport from 2000 and 2010.
Regarding population movement, no detailed data comparable to EGT used in urban Paris was available. By consequence, we used the annual frequency of person visits of this airport (60.5 million passengers in 2010) as the reference value for the flow of population.
Statistical Analysis
The subject characteristics were described as mean±standard deviation, proportions, median and interquartile ranges, as appropriate.
We first provided descriptive data on population density, population movements and local landmarks in each of the 2,020 grid cells. The association between the number of SCAs and population density and population movements were assessed using a general linear model over classes.
Secondly, to assess if SCA incidence differed between two typical places with same population movement, we paired each grid-cell containing the six major train stations (Austerlitz million passengers in 2010) as the reference value for the flow of population.
Th he e e su su ubj bj bjec c ect t t ch ch c ar rac ac acte teristics were described as me e ean an a ± ±standard devi vi iat a io on, n, n p p proportions, median and n nte e erq r uartile ra rang ng ge es, a as s a ap appr pr prop op opri riat ate. e. e We calculated for each pair the difference of number of ACR between the two cells and tested the global difference to zero using the Wilcoxon signed rank test, to assess if SCA incidence differed between two typical places with same population movement Then we estimated the risk of having SCA in one of the 2,020 grid-cells containing specific city landmark (listed above). We used a count model, the negative binomial regression.
This model allowed better consideration of the over-dispersion compared to the Poisson regression in our sample data. The dependent variable was the number of public SCA in each grid-cell; the independent variable was the presence or absence of the landmarks in the grid-cell.
We normalized each cell by using the logarithm of population movements (per each unity i.e. the grid-cell) as an offset. We provided first a univariate model and then a multivariate model considering adjustment on other landmarks in the grid-cell, The relative risk (RR) of the cell containing the landmark was the exponential of the regression coefficient, using SAS PROC GENMOD with negative binomial probability distribution and log link function. 19, 31 We performed a multinomial logistic regression explaining the number of SCA in three categoriesno SCA, one SCA, two or more SCA -within a grid-cell by landmarks in the grid-cell as well as population movement and population density (considered as adjustment variables). We considered population movement and density in six categories, as already described. No SCA was chosen as the reference category. We established univariate and multivariate regressions with logistic distribution and general logit link.
All tests were two-tailed, and P values of less than 0.05 were considered to indicate statistical significance. All data were analyzed at INSERM, Unit 970, Cardiovascular
Epidemiology and Sudden Death, Paris, using SAS version 9.3 (SAS Institute Inc, Cary, NC).
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Results
Characteristics and Clustered Distribution of SCA in Paris
Overall, out of the 8,234 out-of-hospital cardiac arrests in Paris, 5,296 received EMSresuscitation attempt (Figure 1) , and 4,176 were presumed to have a cardiac aetiology (eventually considered as SCA): 2,921 (69.9%) occurring in a residential location and 1,255 (30.1%) in a public location. Baseline characteristics of public SCA are described in Table 1 . Of note, among the 5,296 SCA (64.3%) with EMS-resuscitation attempt, those occurring in public places had more attempts compared to those occurring at home (85.7% vs. 55.4%, P<0.0001).
Among those SCAs which occurred in public places, the proportion considered for resuscitation was very similar across different public locations: 83.7% in train stations compared to 86.5% in others areas (P=0.41). The proportion of SCA was observed to be higher in the morning and afternoons (representing 56% of the overall SCAs occurring in 30% of the day. SCAs clustered in areas: 50% of SCA occurred in 9% of the Paris total area. We noted a particularly high-density of SCAs near the six major train stations where 12% of SCAs occurred (less than 0.75% of the total Paris area). This distribution was stable over 3 sequential periods of 40 months.
Population Density and Population Movement
The incidence of SCA was evaluated across the classes of population density and population movements (Figure 3) . The mean number of public SCA by grid-cell was not significantly associated with population density, varying from 0.33 to 0.78 SCA per grid-cell for the first and the sixth class respectively (P for trend = 0.4). By contrast, when considering population movements, we observed a highly significant association between the number of public SCA and the different classes of population movements, with a 6-fold difference: the mean number of public SCA by grid-cell varying from 0.22 to 1.43 SCA per grid-cell respectively for the lowest and the highest class of population movement (P for trend <0.001).
Population Movement and Specific Locations
We analyzed the six most visited places in Paris, which accounted for a very similar population movements number compared to the six major train stations (median 26930.0 vs. 24591.5 per day and grid-cell, P=0.06). The median number of SCA per grid-cell was almost 5-fold lower for the tourist sites (4.5 vs. 22.5, P=0.03) (Figure 4) .
Using a multinomial logistic regression model ( Table 2) , we explored the extent to which SCA occurrence was influenced by landmarks in cells after adjustment for the population movement and the population density of each grid-cell. In univariate modeling, we observed that the OR for having 2 or more SCA in grid-cells containing a train station was 5.76 (95%CI 4. 
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We analyzed d th th the e e si si six x x mo mo most v v vis is sit i i ed ed ed p p pla la lace ce es s s in in in P P Pa a ari ri ris, s, s, w w whi hi hich ch a a acc cc ccou ou ount nt nted e e f f for or or a a a v v ver er ery y y si si simi mi mila la ar r po p p pulation shopping mall or exhibitions were also significantly associated with the occurrence of 2 or more SCA, compared to grid-cells without those landmarks. Regarding demographic characteristics, in univariate analysis, categories of population density and categories of population movement were associated with occurrence of 2 or more SCA.
In multivariate analysis, including in the model other landmarks in each grid-cell and demographic characteristics, categories of population movement remained significantly associated with occurrence of 2 or more SCA (OR 1.48, 95%IC 1.34 -1.63, P < 0.0001),
whereas categories of population density was no longer associated. Grid-cells containing train stations remained significantly associated with occurrence of 2 or more SCA (OR 3.80, 95%CI
2.66-5.36, P<0.0001), whereas shopping mall or exhibitions were no longer significantly associated with occurrence of 2 or more SCA. By contrast, in multivariate analysis, grid-cells containing primary to high schools were negatively associated with occurrence of 2 or more SCA (OR 0.65, 95%IC 0.48-0.89, P=0.006).
As a sensitivity analysis, we also performed a negative binomial regression model (Supplemental Table) , to explore the extent to which SCA occurrence was influenced by landmarks in cells normalized by the population movement of each grid-cell (population movement used as an offset). In a multivariate model accounting for landmarks and population movements, large train stations were significantly associated with occurrence of SCA (RR 2.60, 95%CI 1.69-4.01, P<0.0001).
Overall, 67 SCA occurred in Paris Charles de Gaulle Airport during the same period 
Discussion
Our findings offer better understanding of the extent to which SCAs occurring in public places may be clustered in a large city, with 12% of SCAs occurring in less than 0.75% of the total Paris area -emphasizing why population movement matter is crucial to consider, with very few events occurring in empty areas. To the best of our knowledge, our study is the first to provide information on population movements, in addition to population density. We demonstrated that the number of population movements was a major determining factor of such heterogeneity, much more than variations in population density. Finally, our results strongly suggest that beyond simply population movements, some areas (major train stations) remain at particularly high risk for SCA occurrence. These data should help optimize AED placement in the community, by concentrating AEDs in high-risk areas for SCA, such as train stations.
Stability in the incidence of SCA within geographic areas has been demonstrated. 32 Accordingly, identifying high-risk places for SCA should be considered as a reliable method to guide optimal AED location in order to eventually increase the cost-effectiveness of such programs. For this, a better understanding of high-density SCA areas is needed to provide evidence to the medical community and policy makers to guide strategies for optimal AED deployment, especially in concentrating AEDs in high-risk areas for SCA, and acknowledging that some large areas do not need to be so well equipped. The hypothesis that population movement was a highly influential factor, driving "hot spots" for SCA, was strong, although this
has not yet been formally tested, mainly due to the lack of reliable data on population movements. Data from different urban Parisian agencies gave us the unique opportunity to explore this question; we demonstrate the extent to which SCA density was associated with population movements, and that this association remained significant after adjustment for high risk for SCA occurrence. These data should help optimize AED placement t i i in n th th t e e community, by concentrating AEDs in high-risk areas for SCA, such as train stations. k St St Stab ab abil il ili ity y in in in t the h incidence of SCA within g g geo eo ographic areas s ha h h s be be bee en en demonstrated. 32 A A Acc co cordingly, i ide de dent t tif fyi yi ying Further attention should be given in the future to those locations with the highest population movement. Stability in the incidence of SCA within geographic areas has been recently demonstrated. 32 As a result of our main finding -that population movement is a major determinant of SCA distribution-we observed that large train stations are particularly high-risk areas for SCAs, and confirm that in the setting of a large urban European area, clustered distribution is observed.
These data are highly consistent with publications which previously demonstrated an association between major train stations and SCA. 18, 19, 33-35 36,37 A differential proportion in resuscitation attempted by EMS (according to the location of SCA) may have led to a significant reporting bias. This has not been observed, however, with a very similar proportion of SCA with resuscitation attempted being observed in different public places (train station vs. non-train stations). Accordingly, in public places, population movement appears unlikely to be a surrogate for an increased likelihood of having a SCA that is witnessed and thus more likely to undergo resuscitation.
Our data add to this prior literature, in providing the extent to which those associations were driven by population movements. Consequently, our results are in line with prior literature regarding location of SCA. Associations between SCA incidence and population density have been tested in the setting of residential (non-public) areas, demonstrating the poor predictive relevance of this factor. 38 In quantifying the association between SCA occurrence and the level of population movements, our findings may be particularly useful to provide a strong rationale for AED deployment in the community, targeting high-risk areas.
In 2005, North-American guidelines recommended implantation of AEDs in sites "where attempted by EMS (according to the location of SCA) may have led to a significa ca ant nt t rep ep epor or orti ti ting ng ng bias. This has not been observed, however, with a very similar proportion of SCA with e esu su usc sc scit it it t at atio io ion n at a te e em mp mpted being observed in differ re e en nt n p public places ( ( (tr t ai in n n st st stat a ion vs. non-train the probability of cardiac arrest occurring is at least once in every 5 years". European guidelines considered areas with at least one SCA every 2 years as being candidate sites for AED placement. 39 However, these guidelines were based on limited evidence. [24] [25] [26] Recent data, available since 2009, also elegantly demonstrated the limitation of using such an approach, 19 and these recommendations were finally deleted in the recent updated guidelines. 40 When we look at the history of AED deployment in Paris, it is interesting to observe that this has been carried out, Our study also reports additional and interesting findings, suggested by our descriptive approach and also confirmed by our modeling. Population movements cannot be the only explanation for the high rate of SCA in some public areas: when compared to the most touristvisited sites in Paris, large train stations (with, however, very similar population movements) had a much higher frequency of SCA. Our approach, based on a count modeling (negative binomial regression), showed a highly significant association between SCA and major train stations, explanations include particular physical activity, most often acute, at train stations, which is known to favor ventricular arrhythmias, especially among untrained middle-age men. 41 Another hypothesis may be postulated concerning the associated psychological stress associated with public transportation areas (train stations or airports), mainly related to timing departure issues. 42 Third, particulate pollution in these areas may possibly play a role. 43 Finally, populations in train stations are relatively "unselected" in contrast with users of sport facilities who are likely to be younger, in better physical shape, and have been sometimes screened by physicians. This may contribute to this higher frequency of events. Of interest, when we look at the number of SCA in Paris Charles de Gaulle Airport (60.5 millions of passengers in 2010), during the same period (2000-2010), we observed a very similar frequency of SCA compared to the train stations: 0.12 per million in Charles de Gaulle airport compared to the 0.08 per million observed in the six major train stations in Paris. The very similar findings observed in major train stations as well as airports reinforce the idea that physical and psychological stress may be a trigger of SCA in those "high-risk" areas; other socio-economic factors might also account for higher rates at those areas and need further investigations. Considering that "exposure time" (waiting time) may be higher in airports compared to those expected in train stations, this could explain (at least in part) the absolute lower rate of SCA observed in train stations versus the airport.
Our study contributes to the existing literature regarding localization of SCA, 19, 32, 44 with an innovative approach based on population movement. However, we must acknowledge some limitations. First, we studied only SCA with presumed cardiac cause, which could represent a selection bias. However, this population is the likeliest to benefit from AED and represents the main target of public access to defibrillation programs. Second, the low density of SCA in the with an unlikely overall impact on the results and model fit. Second, according to Utstein's guidelines, we did not collect information on out-of-hospital cardiac arrests not related to a primary cardiac cause. 8, 25, 26 The extent to which those data (additional 20% of cases, in agreement with prior literature) would change our findings seems limited, since those non-cardiac cases are known to present a very small proportion with shockable rhythm, and thus would be less likely to benefit from public AEDs. Third, although the classification status of SCA cases (tourists or permanent resident) was not collected during the study, the extent to which movements related to tourism may influence the distribution of SCA in Paris was of particular interest. It could be possible that population movement may have been underestimated in train stations based on a survey of Paris residents alone. However, the 2005 evaluation carried out by the Institut National de la Statistique et des Études Économiques (INSEE) emphasized that tourism frequency was equivalent to 224,400 permanent residents (~11% of the total population of Paris), and that the number of those additional subjects was similar to the number of permanent residents from outside the city (mainly commuting for business purposes). 45 Overall, even in one of the most tourist-visited cities worldwide, the influence of tourism on SCA distribution appears limited. Fourth, although interesting existing data have demonstrated the influence of neighborhood socioeconomic status on incidence and management of SCA. 46 However, regarding SCA occurring in public places, this "time of exposition" (influence of neighborhood socioeconomic status) to neighborhood appears of limited value, especially in a city like Paris, with very high population movement and consequently considerable heterogeneity in socio economic status. The extent to which the association between SCA and major train station may be driven by different (lower) socioeconomic status need to be examined in further studies. Fifth, spatial autocorrelation is an important issue, that may be (such as SaTScan). 47 Although crucial to consider in the field of infectious diseases, pollution effects etc…, in the setting of SCA, this approach remains more debatable. Finally, our study is limited to Paris city, and high-risk areas may differ according to the preferred public transportation system of the city/country (mainly major train stations and airports). Although our descriptive results fit extremely well with data from Folke and colleagues (in Copenhagen: 19.5% of SCA occurred in 1.2% of the city area, compared to 1.4% in Paris), 19 the extent to which the present results may be generalized to other non-European cities requires further study. The urban and demographic data available for Paris, as well as the population density and the large number of tourists was a unique opportunity to assess the relationship between SCA and population movements. This model may not be easy to replicate in other cities.
Conclusion
In providing a systematic analysis of determinants of SCA within a public urban setting, we demonstrated the extent to which population movements may account for the "hot spots" of SCA observed. Our results also suggested that beyond this key risk factor, some areas show a dramatically higher risk of SCA. This should provide evidence to the medical community and policy makers to guide strategies for optimal AED deployment. 
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Methods
We estimated the risk of having SCA in one of the 2,020 grid-cells containing specific city landmark. We used a count model, the negative binomial regression. This model allowed better consideration of the over-dispersion compared to the Poisson regression in our sample data. The dependent variable was the number of public SCA in each grid-cell; the independent variable was the presence or absence of the landmarks in the grid-cell. We normalized each cell by using the logarithm of population movements (per each unity i.e. the grid-cell) as an offset. We provided first a univariate model and then a multivariate model considering adjustment on other landmarks in the grid-cell. The relative risk (RR) of the cell containing the landmark was the exponential of the regression coefficient, using SAS PROC GENMOD with negative binomial probability distribution and log link function. 19, 31 
Table Legend
Relative Risk for SCA of Grid-Cells Containing Specific Landmark. Univariate and Multivariate Analyses (Negative Binomial Regression Model). The RR represents the risk of SCA in a grid-cell with specific landmark compared to grid-cell without the considered landmark. 
